Abstract-Irradiation is potentially useful technology ensuring the safety and extending the shelf life of food production worldwide. However, nutritional changes may occur which necessitate critical examination of the effect on food constituents. The effect of γ-irradiation on the mineral content, vitamins and cooking properties of sorrel seeds (Hibscus sabdariffa) was examined at doses of 0, 2.5, 5, 7.5, 10 and 20 kGy by means Atomic Absorption Spectrometer. AAS for minerals, HPLC for vitamins namely, Thiamine, Folic acids, and Niacin, while spectrophotometer was used to determine vitamin A. AAS results of the mineral content showed significant reduction in Na , K, Pb, Cu and Ni, while Mg, Mn, Fe and Zn were enhanced by γ-irradiation. Gamma-irradiation had a dose dependent significant reduction on thiamine (P<0.05), Niacin was relatively stable to the doses applied while folic acid control (2.38 mg/100g) was only reduced significantly at 2.5 kGy and thereafter became stable at higher doses . Gamma irradiation led to an increase in vitamin A content (P<0.05). Irradiation at doses above 2.5 kGy reduced significantly the cooking time of the sorrel seeds. It was concluded that γ-irradiation at a limit dose of 10kGy would be technologically appropriate for preservation and enhancement of nutritional properties.
I. INTRODUCTION
N developing countries, there is an urgent need for new plant foods to meet the nutritional requirements of everincreasing populations. Large segments of the populations from these countries suffer from malnutrition [1] . In Nigeria for example, popular legumes, such as cowpea, beans and groundnut, are widely consumed to complement the low protein contents of grains (rice, maize) and tubers (cassava and yam); animal proteins such as meat, milk and eggs are expensive and relatively difficult to acquire. Therefore, other rich protein sources need to be identified. This has directed research within the last two decades into the exploitation of unconventional oilseeds and legumes with high nutrient potentials. Some of these seeds exist as wild uncultivated types and are highly underutilized and relatively unknown: others are cultivated for reasons other than the utilization of their edible seeds, especially those, cultivated for medicinal and fuel use. Those [2] .
Reports are available on the successful utilisation of underutilised dicotyledonous seeds as food [3] . Among the underutilised protein rich foods are Sorrel seeds (Hibiscus sabdariffa, Linn). Sorrel (Hibiscus sabdariffa, Linn.) seed is a valuable food resource [4] on account of its protein and calorie content and also substantial amounts of fiber and valuable micronutrients [5] . It is also an excellent source of culinary oil Roselle seeds that contain approximately 15 wt% on a dry weight basis (dwb) of highly unsaturated triacylglycerols and small amounts of other lipid components. The seed oil is composed predominately of oleic and linoleic fatty acids and have been investigated for potential edible applications [6] . The seed also contains desmethylsterol compounds, which are known to reduce the absorption of dietary cholesterol when included in the human diet [7] .
Nowadays, a great interest exists in the crop of Sorrel due to the high antioxidant properties of the calyxes, which have been extensively evaluated [8] . Therefore, concomitant with the large-scale cultivation and commercial exploitation of the calyx is the expected production of a large quantity of seeds as by-product. Moreover, recently more attention has been focused on the utilization of food processing by-products and wastes, as well as underutilized agricultural products. Such utilization will contribute to maximizing available resources and result in the production of various new foods. Consequently, a major contribution to avoiding waste disposal problems can be made.
Hibiscus sabdariffa seed , like other seeds and legumes, contain antinutritional factors which may reduce their nutritional value or their protein digestibility. The importance of antinutritional factors is expected to increase in the years ahead along with increased use of proteins of plant origin [8] . Protease inhibitors are among the most important antinutritional factors encountered in seeds.
Removal of undesirable components is essential to improve the nutritional quality of legumes and effectively utilize their full potential as human food or animal feed. Several conventional food processing methods such as germination [9] soaking [10] , cooking [11] , fermentation [12] and gamma irradiation [13] However, most of these treatments adversely affect the sensory characteristics of the final product. Food irradiation has been recognized as a reliable and safe method for preservation of food, improve hygienic quality of foods and improve the nutritional value of foods [14] . In order to minimize losses occurring during harvest and storage of these grains, the radiation process emerges as an attractive and healthy alternative when compared to conventional chemical treatments. The application of ionizing radiation with the objective of preserving and disinfesting grains emerges as promising practice used to extend the shelf life and to reduce losses of grains during storage. The estimated cost and benefit obtained with the commercial radiation seem to be competitive when compared to other fumigation methods and physical and thermal treatments.
II. MATERIAL AND METHODS

A.
Material Dried seeds of Sorrel seeds (Hibiscus sabdariffa) from a single lot, weighing 50 kg, were obtained from local market dealer in Kano, Kano State, Nigeria. Physically damaged and immature seeds were sorted out and discarded. The seeds were then transported to the laboratory and kept in airtight polyethylene containers in a dry and cool environment until ready for use. All the chemicals and reagents used in the study were be of analytical grade.
The raw grains were treated with gamma rays at doses of 0, 2.5, 5.0, 7.5, 10.0, 15.0, and 20.0 kGy. Multipurpose gamma irradiator with a Cobalt 60 source was used (compact-type semi commercial radiator) at the Gamma irradiation Facility, Nuclear Technology Center, Sheda Abuja Nigeria. The dose effectively received by the material ranged from 2.68 to 20.50 kGy. In samples radiated with 2 kGy it actual dose was 2.68, for 5.0 its actual dose was 5.68, for 7.5 it was7.75 while for doses 10.0, 15.0 and 20.0 kGy their actual doses were 10.44, 15.24 and 20.50 kGy respectively and the dosimeter used was Alanine/ E-scan.
B. Mineral analysis
Analysis of sodium and potassium content of the seed flours were carried out by using flame photometry, [15] . The other elemental concentrations were determined, after wet digestion of sample with a mixture of nitric and perchloric acids (1:1 v / v), using Atomic Absorption Spectrophotometer (AAS, Buck Model 20A, Buck Scientific, East Norwalk, CT06855, USA). All the determinations were carried out in triplicate.
A blank solution was used to adjust instrument to zero absorbance or 100 percent transmittance, working standards were introduced to adjust instrument to give agreeable readings before the seed flour digest was introduced. The absorbance of the digest was then recorded.
From the readings obtained, the concentration of the mineral in each sample was calculated thus:
Where T is the value of mineral
C. Vitamin A determination
The method of [16] was used to determine vitamin A. A mixture of n-Hexane, acetone (0.05 % w/v BHT) and 98% ethanol was added to 0.6 (± 0.05) g of finely ground sample. Extraction was carried out in 50 ml conical flask using magnetic stirrer. Water (3 ml) was added and further stirred for 5 mins. The mixture was allowed to separate into hydrophobic and hydrophilic layers. The upper hexane layer containing the carotene separate and absorbance of carotenoid in hexane was measured at 450 nm was using visible spectrophotometer. Total carotenoid was estimated using the extinction coefficient in hexane ( 
D. Determination of water soluble vitamins
The content of water soluble vitamins such as thiamin, folic acid, niacin and ascorbic acid (vit C) in the samples was simultaneously determined using High Performance Liquid Chromatography with UV detector (Agilient Technologies Model 1200, Germany)
E. Cooking properties
Bulk density, minimum cooking time, water uptake ratio, elongation ratio, gruel solid loss and length-breadth ratio were determined based on the procedure outlined by [17] Bulk density Twenty-five grams of seeds was poured in triplicate into a measuring jar from a fixed height (30cm). The volume occupied by the sample was determined and the ratio was calculated in gL -1 Minimum cooking time Two grams of pre-soaked seed samples was taken in a beaker (Pyrex 50mL) and cooked in 20mL distilled water in a boiling water bath. The cooking time was determined on removing a few seeds at different time intervals during cooking and pressing between two glass slides until no uncooked core is left.
Water uptake ratio Two gram of seed samples was cooked in distilled water for a minimum cooking time and blotted to remove superficial water. The cooked samples were weighed and water uptake ratio was calculated.
Elongation ratio The mean length of 10 cooked seeds was divided by the length of 10 raw seeds to determine elongation ratio.
Length-breadth (L/B) ratio
The L/B ratio was determined on dividing the mean length by breadth of 10 cooked seeds.
III. RESULTS AND DISCUSSION
Effect of γ-irradiation on Minerals
Mineral elements contents of the irradiated and unirradiated sorrel seeds are shown in Table1. The element Potassium, Sodium, Magnesium were the major inorganic constituents, while Mn, Fe and Zn were also present. The values reported for the elements in this study were in agreement with the findings of [18] . Mineral elements were reported to be significantly influenced by variety, location and environmental conditions [19] . The sodium concentration in the control was 935mg which significantly reduced with increasing irradiation. The reduction in sodium was significantly reduced at 2.5 kGy than at any other dose level.
Gamma irradiation seems to enhance the availability of the following elements in the treated sample; namely calcium, magnesium, iron and manganese, however, decreases with dose level were observed in; lead, copper sodium and potassium. While it is desirable for elements such as nickel, copper and lead, because of toxicity at high level to human, the effect on sodium and potassium had a negative effect.
Iron, Zinc, and Manganese are antioxidants [20] which are involved in strengthening the immune system. While magnesium and zinc are known to prevent cardiomyo-pathy, muscle degeneration growth retardation, alopecia, dermatitis, immunological dysfunction, gonadal atrophy, impaired spermatogenesis, congenital malfunctions and bleeding disorder [21] . Changes in mineral composition after irradiation can be attributed to doses delivered which might have influenced the extractability [22] . The negative effect of irradiation on sodium and potassium may not be sufficient reason to foreclose the use of irradiation on the seeds, since other elements were enhanced by the application of irradiation. Meanwhile, the heavy toxic metals (copper, nickel and lead) were also reduced by gamma irradiation. Some cereal powders in the baking industry are very deficient in some elements; particularly iron [18] . Therefore fortification of wheat flour with sorrel seeds will improve the dietary requirement.
Effect of γ-Irradiation on vitamins
The Vitamins content of the sorrel seeds are presented in Table 2 . The thiamine content of the control sample was 3.5mg/100g which was higher than what was reported by Chavez-p (1985) . The same worker also reported a value of 1.17mg/100g for niacin which was in agreement with what was determined in this present study. There was no available report as the time of this research that suggested that any work on the vitamin C, folic and vitamin A had be done on sorrel seeds. Gamma irradiation had a varied effect on the various vitamins examined in this study. Ascorbic acid is not generally sourced from grains as much as it is from fruit and vegetable. The level of vitamin C detected in this study seem negligible compared with the level that is needed for daily dietary requirement. Nonetheless, the study of effect of irradiation on the content is worthwhile. The level detected in this study was 0 .14 mg/100 g in the control . And gamma irradiation seems not to have affected the content of vitamin C in this study. Ascorbic acid is rated to be the most sensitive vitamin to irradiation after thiamine.
It is believed that irradiation can cause a partial conversion of ascorbic acid to dehydroascorbic acid [23] which could account for the lose of ascorbic acid. Meanwhile, the relative stability of the vitamin to irradiation in this study could be as a result of the protective nature of the grain matrix. [24] studied the effect of irradiation processing on vitamin C, total carotenoids no significant difference in vitamin C content and total carotenoids in the radiation (1 and 2 kGy) processed samples and control Gamma-irradiation had a dose dependent significant reduction on thiamine (P<0.05). There was reduction of between 36-40% in the content of a thiamine as a result of the level of radiation treatment applied. This observation agree with the findings of [25] who also found a reduction (24%) in the content of thiamine in adlay seeds irradiated at 8 kGy.
[26] also reported a slight reduction in the thiamine content of Macacar and Carioca bean as a result of γ-irradiation.
However, some researchers did not find any significant effect of irradiation at low and medium doses on the thiamine content of the irradiated and unirradiated sample of cowpea [27] . They were of the opinion that the maintenance of thiamine in the irradiated grains could be attributed to the protective actions of food matrixes. It was also reported that the temperature of food sample during irradiation has a major effect on the rate of thiamine loss. Oxidation damage to thiamin is responsible for its loss. The level of folic acid detected in this study for the control sample was 2.38mg/100g as earlier presented in Table 4 .16. There was a slight reduction at 2.5kGy level and apparent increases in the level of folic acid after 2.5kGy was observed. This showed a relative stability of this vitamin to low and medium dose irradiation. [23] had shown that folic acid are relatively stable to γ-irradiation at level below 25kGy, but that some component of the vitamin are sensitive to radiation at a dose of 25kGy while some are not.
[28] discovered that folic acid was only sensitive to irradiation at the lowest dose of 2kGy and that there were no further reduction in the level of folic acid when higher doses were applied. [29] reported that the decomposition of folic acid starts with the loss of the glutamic acid moiety.Meanwhile, the doses applied in this study perhaps were not sufficient to cause complete degradation of this component, hence the relative stability of the vitamin. Folic acid helps to prevent certain diseases such as macrocytic and megaloblastic anemia, cadiovascular diseases and several types of cancers (breast, colon and pancreatic) [30] and [25] . The vitamin has also been shown to prevent neutral tube birth defect [31] .
The niacin content as earlier presented in Table 4 .16, of the sorrel seeds examined was in agreement with what was reported by [32] . Gamma irradiation had no significant reduction (P<0.05) on the vitamins at all the doses applied. A slight increase was observed at the 5.0kGy, though the findings here was in agreement with [33] , who found that irradiation up to 56 kGy did not affect the level of niacin in meat sample. Giroux and[34] were of the opinion that there are no major difference in niacin content found between irradiated and un-irradiated beef sample. They also reported that pork chops irradiated at different temperatures with doses up to 5 kGy showed no loss in niacin. A loss of 15% was however, observed by [35] at 7kGy when irradiation of food samples were done at 0 0 c. Effect of γ-irradiation on total carotenoid level of irradiated sorrel seed is presented in Table 4 .16. Gamma irradiation led to an increase in vitamin A content. [36] reported that a radiation of 1kGy had no significant effect on total carotenoid and Vitamin C content of sliced tomatoes (Lycopersicon Syn. L. esculentun). [22] also studied the effect of γ-irradiation on the carotene content of carrot and cucumber and found that there were no significant difference in the total carotenoids in the radiation processed (1 and 2kGy) samples and control samples.
Effect of Irradiation on Cooking Properties of Sorrel Seeds
Sorrel seeds normally cooked for up to 12 hours before they are soft enough for fermentation or for other food preparations. In region where sorrel seeds are part of their food preparation and as ingredient in other food formulations, cooking time assumes importance. The cooking properties of irradiated samples of sorrel seeds are presented in Table 4 .15. The bulk density of all the sorrel seed samples was 0.625± 0.05g/ml and was comparable with values reported by other researchers. In this study, the minimum cooking time of the pre-soaked sorrel seeds was 35 minutes for control samples. Permeability of the seed coat as well as gelatinization of starch might substantially minimise the cooking time of legumes and hard to cook seeds.
The cooking time reduced significantly after irradiation (P<0.05). After 2.5kGy ionizing irradiation was applied, the cooking time was reduced by 44.40% of the normal time and 48.57 % at the final dose of 20kGy.
The decrease in cooking time of sorrel seeds might be attributed to the increased permeability of seed coat on irradiation as reported by . Reduction of cooking time after irradiation treatment has been reported for several seeds: dry beans [; Macacar and Cariocal beans [25] . Reduction in cooking time was attributed by many, to some starch fragmentation. The is no significant difference water uptake ratio of the control and irradiated seeds (P<0.05). The L/B and Elongation ratio were not also different among treatments.
